Student Reception at the 2010 AP-S Symposium I f you are a student or a student's advisor and will be at the Sym posium in Toronto this summer, please make plans to attend the annual Student Reception, sponsored by the AP-S Education Committee. Graduates of the last decade (GOLD) are also invited.
The reception is an excellent opportunity to network with other students and professionals, and to enjoy good (and free!) food in a relaxed environment. The event is scheduled to take place from 7:30 to 9:00 pm on Sunday, July 11. However, you should check the final program or the bulletin board at the Symposium to con firm the time.
Meet the Education Committee at the Symposium
All members of the Education Committee attending the Toronto Symposium will have distinctive ribbons attached to their name badges. We are encouraging students to introduce themselves to Education Committee members, and to share with the committee members ideas, concerns, and what the student experience is like in the Antennas and Propagation Society. Or, just say hello. We hope that this will be a comfortable way for students to broaden their contacts within AP-S.
This Issue's Contributed Paper
Learning to use the Smith chart has been a standard part of electromagnetics education for decades. However, most students initially find the concept difficult to grasp, and most benefit greatly from clearly presented application examples. In "Using Modern Tools to Explain the Use of the Smith Chart," authors Jose Pereira and Pedro Pinho describe a set of MATLAB TM scripts that demon strate, step-by-step, how to solve impedance-matching problems using the double-transmission-line-stub method. The scripts ani mate the process of using the chart to determine where the stubs must be located, and how long they need to be. [3] . Despite the present generalization of personal com puters and powerful calculators, these kinds of graphical tools are still useful nowadays. The authors believe that the use of the Smith chart by students is an important pedagogical tool, since many aspects of the voltage, current, impedance, voltage standing-wave ratio (VSWR), reflection coefficient, and matching design prob lems can be easily interpreted and well visualized using the Smith chart. Furthermore, it is interesting to note that some types of mod ern laboratory equipment, such as network analyzers, still have a display that imitates the Smith chart. For all these reasons, the authors still use the Smith chart in their classes to explain several transmission-line concepts to the students.
Problems that integrate all of these concepts are the single and double-stub matching procedures. Before the generalization of personal computers and calculators, clearly the easiest way to solve these matching problems was by the use of the Smith chart. Of course, nowadays it is very easy to program the computations required to solve these problems using, for instance, MATLAB scripts. The authors wrote two scripts to do this, called OneStubSol ver . m and TwoStubsSol ver . m, which are distrib uted to students.
These scripts quickly provide a solution to the problems, but they do not explain the essence of the procedures involved in their resolution. To overcome this disadvantage, the authors still believe that it is important to use the Smith chart for better assimilation by the students of all the concepts involved in solving these problems.
In stub-matching problems, the stubs are placed in the line in par allel with the load; therefore, they should be approached in terms of admittances. If the load is specified as an impedance, the first step is to transform it to an admittance, by inverting zL to YL'
Single-stub problems are more intuitive for the students, since they start from Y L , moving a distance d towards the genera tor (clockwise), until the g = 1 circle is intercepted, to obtain an admittance Yn = 1 +-jbn. A stub should be placed at this point in the line in order to cancel the imaginary part of Yn, in this way reaching the center of the Smith chart.
Double-stub problems are less intuitive for the students, since they have to first establish the position of the rotated g = 1 circle or the g = g L circle, based on the pre-defined distance, d.
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In order to help the students to solve this problem graphi cally, the authors developed MATLAB scripts that display, step by step, the graphical procedure that must be used to solve these problems. Since double-stub impedance matching is more involved, in this paper only this problem is addressed. Two scripts are presented, corresponding to two different possible ways to analyze this matching problem. We believe they are important for students to learn on their own.
Two-Stub Impedance Matching
The basic layout of the two-stub impedance matching prob lem is illustrated in Figure 1 . The parameters to be evaluated are the lengths of the two stubs. The stubs are placed in parallel with the line, separated by a distance d, which is a known input parameter. The stubs can be short-circuited terminated or open circuited terminated, and stub 1 can be placed at a given distance from the load. In this particular layout, we assumed short-circuited terminated stubs and stub 1 placed in parallel with the load. Since the stubs are placed in parallel with the line, the methods to solve this problem must be approached in terms of admittance. The goal is to match the load YL to the line with characteristic impedance Zo. The normalized admittance at the generator side of stub2 must therefore be equal to one. stub 1 has no real part, this implies that the admittance YA has the same real part as YL' Therefore, the possible values of YA must be given by the intersection of the two circles: the g = 1 circle, rotated towards the load, and the g = gL circle. There are three possibili ties:
Graphical

1.
No intersection, that is, no solution;
2.
One intersection point, one solution;
3.
Two intersection points, that is, two solutions.
If there is no solution, this means that the chosen value for d is not valid and another one should be chosen. The MATLAB script will inform the students if this case is encountered.
After choosing a solution for YA' since YA = gL + j(bL +q), 
5.
Finding the input admittance of stub 1 , Y sl = jq, from YA ;
6.
Determining the length of stub1 in wavelengths, mov ing towards the generator (clockwise) along the g = 0 circle, from the admittance S.C. point to the point SI'
corresponding to its input admittance. Finding YB by moving from YA a distance d wave lengths towards the generator (clockwise) along the cor responding constant VSWR circle (with solid points), until the g = 1 circle. Figure 2d shows the last two steps:
8.
Getting the value of Y s 2 from the value of YB;
9.
Determining the length of stub2 in wavelengths, mov ing towards the generator (clockwise) along the g =0 circle from the admittance S.c. point to the point S2'
corresponding to its input admittance.
By following the display produced by this script, the students should be able to solve in a chart any two-stub impedance-match ing problem using a ruler and a compass.
Graphical Procedure: Approach 2
In the previous section, a classical method of performing two-stub impedance matching was explained. However, it is important that the students try to look for an alternative approach to analyze the problem. The previous approach involves the rota tion of the g = 1 circle towards the load. The alternative approach, explained here, is to rotate the g = gL circle towards the generator.
Referring again to the circuit illustrated in Figure 1 
3.
If there is no solution, this means that the chosen value for d is not
valid, and another value should be chosen. The MATLAB script will inform the students if this case is encountered.
After choosing a solution for YB' since YB =l±jbB, it is possible to get the corresponding value of Y s 2 ==1= j� = ±jbB . The authors also developed a MATLAB TM script, called Double stub matching V2. m, that displays, step by step, the graphical procedure describ -;; d above. The graphical solution given by this script for the above example is shown in Figure 3 . Figure 3a shows the first four steps:
1.
Marking the nonnalized impedance, Z L ;
2.
Transfonning it to an admittance by inverting z L to Y L;
3.
Rotating the g = g L circle towards the generator (clockwise) by a distance d wavelengths, getting the solid circle ;
4.
Finding the admittance Y B as the intersection of the rotated g = g L circle and the g = 1 circle (dashed). Figure 3b shows two more steps:
5.
Finding the input admittance of stub2, Ys2' from Y B;
6.
Detennining the length of stub2 in wavelengths, mov ing towards the generator (clockwise) along the g = 0 circle from the admittance S.C. point to the point S2'
corresponding to its input admittance. 8.
Getting the value of Y sl from the value of Y A ;
9.
Detennining the length of stubl in wavelengths, mov ing towards the generator (clockwise) along the g = 0
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circle from the admittance S.C. point to the point SI'
corresponding to its input admittance;
Conclusion
It is well known that many transmission-line problems can be easily solved using graphical procedures based on the Smith chart.
The authors still believe that the use of the Smith chart by students is an important pedagogical tool, even knowing that personal com puters and calculators are commonly available nowadays. Further more, the authors believe that the explanation of this old tool can be done using modern tools such as MATLAB scripts, in combina tion with e-learning facilities.
To exemplify this concept, the authors developed two MATLAB scripts that display, step by step, the graphical procedure that must be used to solve the two-stub matching problem. These two scripts correspond to two different possible ways to analyze this matching problem, and are distributed to the students and available in an e-Iearning platfonn.
All the MATLAB scripts can be downloaded from http://www .av.it.pt/rochap/matching_ scripts.zip.
